Three phylogenetically distinct groups within the a-proteobacteria which differ in trifolitoxin sensitivity are described. Trifolitoxin sensitivity was found in strains of Agrobacterium, BruceUa, Mycoplana, Ochrobactrum, PhyUobacterium, Rihodobacter, Rhodopseudomonas, RhodospiriUum, and Rhizobium. Strains of Agrobacterium, BruceUla, PhyUobacterium, Rhizobium, and Rhodospirillum were capable of producing trifolitoxin upon conjugal transfer of afABCDEFG.
. Bacterial strains and culture media used in this work are included in Table 2 . Antibiotic concentrations used were described previously (8) except that the tetracycline concentration used was 1.5 ,ug/ml. Brucella strains were cultured on Brucella agar medium (0964-01-3; Difco) at 37°C with 5% CO2 or at 28°C. All other oa-proteobacteria were cultured at 28°C. A modification of the triparental mating procedure described by Triplett et al. (25) was used here in the conjugation of all plasmids into ao-proteobacteria. Cells were taken directly from stocks frozen at -70°C in 15% glycerol except Escherichia coli strains and Brucella abortus RB51 (20) , which were For each strain number, the first and second transconjugant are TFX producing and non-TFX producing, respectively. stored in Luria-Bertani broth and Brucella broth, respectively, each in 15% glycerol. The medium used to interrupt the matings was that used to culture the recipient ( Table 2) .
The TFX sensitivity assay used was as described previously (8) with minor modifications. The sources of TFX production were R. leguminosarum bv. trifolii T24 and R. leguminosarum bv. phaseoli KIM5s(pT2TFXK). The latter overproduces TFX compared with T24. This is presumably the result of multiple copies of pT2TFXK in the cell. As controls for TFX production in these experiments, we included T24::Tn5, (24) and KIM5s(pT2TX3K). Turbid suspensions (5 ,ul) at an optical density at 600 nm of 1 from the four strains were spotted in the center of agar plates containing the appropriate medium. After 2 days at 28°C, the plates were sprayed with a slightly turbid suspension (optical density at 600 nm of 0.1) of the strain to be tested for TFX sensitivity. No medium on which both Brucella and Rhizobium strains would grow well was found. Thus, TFX sensitivity of the Brucella strains was determined by using Brucella agar as an overlay on YM (27) Phylogenetic tree of full-length 16S rRNA sequences of selected a-proteobacteria prepared from sequences in the GenBank database by using the PILEUP program of the Genetics Computer Group package (3). The pairwise distance matrix and phylogenetic tree were constructed by using the Jukes-Cantor algorithm and the Neighbor-Joining method, respectively, in the MEGA package (13) . Species names are flanked by a letter indicating sensitivity to TFX at levels produced by T24 (S) or an overproducing strain(s), resistance to TFX at either level of production (R), or unknown TFX sensitivity (U). Groups 1, 2, and 3 specify clusters of species which differ in TFX sensitivity. Group 1 and 3 species are nearly always TFX-sensitive and -resistant, respectively. Group 2 species are either sensitive or resistant to TFX. Confidence levels (percentages) shown above each node were generated from 500 bootstrap trees. The numbers of changes per sequence position are represented on the distance scale assuming a median rate of change. GenBank accession numbers for the 16S rRNA sequences are D12782, D12784, D12786, D12788, D12789, D12790, D12791, D12792, D12793, D12794, D12795, D12797, D12798, L01260, L11661, L11664, L20762, L26166, M27534, M32020, M34218, M34129, M55490, M59060, M59061, M65248, M65249, M69186, S46917, X13695, X53853, X66024, X67221, X67228, and X67228.
with other strains to provide an internal standard for our quantitative assay for TFX sensitivity.
The TFX sensitivities of several genera within the oa-proteobacteria were determined (Table 2 ). Since our last survey of TFX inhibition of Rhizobium strains in 1987 (24) , four new species of Rhizobium have been described. Strains of all known species of Rhizobium are inhibited by TFX at levels produced by either T24 or overproducing strains (Table 2) . Several Agrobacterium strains were previously shown to be resistant to T24 levels of TFX (24) . In this work, strains of Agrobacterium rhizogenes and Agrobacterium vitis were very sensitive to T24 levels of TFX and a strain of Agrobacterium rubi was sensitive to the overproducing strain (Table 2 ). Other ot-proteobacterium species which are sensitive to T24 levels of TFX were found, including Brucella abortus, Brucella melitensis, Mycoplana dimorpha, 0. anthropi, Phyllobacterium rubiacearum, Rhodobacter sphaeroides, Rhodospirillum rubrum, and Rhodopseudomonas manina (Tables 2 and 3 ). Phyllobacterium myrsinacearum is sensitive only to overproduction of TFX (Table 2) . Brucella abortus RB51 was sensitive to T24 and KIM5s, with net inhibition zone areas of 537 and 844 mm2, respectively.
These data are not included in Table 2 because it was not possible to measure 128C1 and RB51 inhibition on the same medium.
Upon transfer of tfx to several Rhizobium strains by conjugation, TFX was produced by members of the four new species of Rhizobium: Rhizobium etli, Rhizobium galegae, Rhizobium huakuii, and Rhizobium tropici (Table 3) . TFX production by Brucella abortus, A. rhizogenes, P. rubiacearum, and Rhodospi-rillum rubrum following transfer of either pDT42 or pTFX3 was also observed ( Table 3) .
The phylogeny of TFX sensitivity correlates well with the phylogeny of the ot-proteobacteria on the basis of 16S rRNA sequences (Fig. 1 ). There are three groups within the a-proteobacteria which differ in TFX sensitivity (Fig. 1) . Group 1 species, with rare exceptions, are sensitive to TFX. Group 2 includes species that differ widely in TFX sensitivity. Group 3 includes only strains which are resistant to TFX. Strains within this third group are often resistant to many antibiotics (9, 15) . Thus, the taxonomic limits of TFX sensitivity are confined to two groups within ao-proteobacteria which are closely related genetically but inhabit very different environments. This allows us to predict whether a species within the cx-proteobacteria is sensitive to TFX. For example, we predict that group 1 bacteria such as the animal pathogens Rochalimaea and Bartonella spp. are inhibited by TFX while group 3 genera such as Afipia and Nitrobacter are resistant to TFX. An understanding of the taxonomic relationships of antibiotic-producing organisms can lead to entirely new applications for antibiotics. A potential agricultural application of the TFX system as a means to limit nodulation of legume roots by indigenous, TFX-sensitive rhizobia has been described (21) (22) (23) (24) . The ability of TFX to inhibit Agrobacterium, Brucella, and Ochrobactrum spp. may lead to new treatments for infections with these animal and plant pathogens. The ability of Brucella abortus RB51(pDT42) to produce TFX shows that genes from Rhizobium spp. can be expressed in Brucella spp., permitting extensive genetic comparisons between these two genera. Also, the use of TFX-producing strains under agricultural conditions may have broad ecological implications because a far wider spectrum of bacteria are inhibited than previously thought. 
